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H
ypotHalamic hamartomas are benign tumors that 
arise from the ventral hypothalamus and tuber 
cinerum.11 They can be either pedunculated, para-

hypothalamic masses that project below the hypothalamus 
or sessile, or intrahypothalamic masses that have broad-
based attachment and involve the lateral walls of the third 
ventricle.1 They arise during fetal development and cause 
gelastic (laughing) seizures, dacrystic (crying) seizures, 
precocious puberty, developmental delay, and medically 
refractory epilepsy in the pediatric population.3,18 Their 
prevalence is approximately 1 in 200,000 children.6

Most hypothalamic hamartomas are sporadic and oc-
cur without prior family history. In contrast, approxi-
mately 5% are associated with Pallister-Hall syndrome, 
an autosomal dominant familial syndrome consisting of 
hypothalamic hamartomas, postaxial polydactyly, and 
imperforate anus, with some patients having a laryngeal 
cleft, abnormal lung lobulation, renal dysplasia or agene-
sis, shortened metacarpals, nail dysplasia, multiple buccal 
frenula, hypoadrenalism, hypopituitarism, microcephaly, 

congenital heart defects, and intrauterine growth retarda-
tion.12 Pallister-Hall syndrome was previously the only 
familial syndrome associated with hypothalamic ham-
artomas. It is caused by a germline truncation mutation 
of the glioblastoma transcription factor (GLI3) gene and 
subsequent truncation of the GLI3 protein, a downstream 
transcription factor within the hedgehog (Hh) pathway.19

In this paper we present a new familial syndrome as-
sociated with hypothalamic hamartomas, postaxial poly-
dactyly/syndactyly, Chiari I malformation, microcephaly, 
pituitary cyst, short stature, spatulate mandible, mandibu-
lar epulis, and language delay. This is the first reported 
familial syndrome caused by germline mutations in the 
Smoothened (SMO) gene, which is responsible for produc-
tion of the SMO protein, a seven-transmembrane, G pro-
tein–coupled receptor within the Hh pathway.
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descent and maternal Irish-Italian descent. Their father 
had a history of cingulate gyrus cavernoma with associ-
ated deep venous anomaly and partial seizures. Addition-
ally, there was a paternal family history of miscarriages, 
infant deaths, and learning disabilities.

Case 1

Case 1 was a 6-year-old boy who initially presented 
with microcephaly, short stature, spatulate mandible, man-
dibular epulis, and polydactyly/syndactyly of his toes. His 
mother had a healthy full-term pregnancy, complicated 
only by maternal deep venous thromboses and morning 
sickness. The patient was born via spontaneous vaginal de-
livery. Despite his phenotype, he exhibited age-appropriate 
motor, language, and social development. MRI was positive 
for a 12 × 11 × 16–mm nonenhancing suprasellar mass, 4 × 
8 × 5–mm nonenhancing pituitary cyst, and a type I Chiari 
malformation (Fig. 1). A coccygeal dimple was appreci-
ated on examination but subsequent MRI of the spine was 
negative for any abnormalities. Endocrinological workup 
was negative. The patient underwent neurogenetic testing 
and had a negative overgrowth syndromes panel, testing 
for the following genes: CUL4B, EZH2, GLI3, GPC3, 
MED12, NFIX, NSD1, PHF6, PTCH, PTEN, and UPF3B. 
Subsequent whole exome sequence analysis was positive 
for a heterozygous deletion within chromosome 7q32.1, in-
cluding part of the SMO gene, and heterozygous for the 
c.2291_2292delAG variant of unknown significance with-
in the SMO gene.

At age 3 the patient experienced gelastic seizures, which 
were subsequently well controlled with levetiracetam. All 

cranial imaging remained stable over the next 3 years and 
his motor, language, and social development remained age-
appropriate and unaffected.

Case 2

Case 2 was a 3-year-old boy born after an uncomplicat-
ed full-term pregnancy via spontaneous vaginal delivery. 
He was born with right hand and bilateral feet polydactyly 
and subsequently underwent digit amputations. He had 
age-appropriate motor, language, and social development 
until approximately 2.5 years of age when he began ex-
periencing clustered dacrystic seizures. These episodes 
lasted approximately 30–60 seconds and consisted of in-
tense emotions of fear or pain, crying with retained con-
sciousness, and arrhythmic, nonsynchronous movements 
described by his parents as “night terrors.” These episodes 
initially occurred at night when waking from sleep and 
then progressed to occurring during the day. They oc-
curred in clusters, sometimes up to 12 episodes per day, 
with subsequent months of seizure freedom. Outpatient 
electroencephalography was negative for epileptiform ac-
tivity. He began experiencing mild speech delays at age 3. 
MRI was positive for an exophytic, nonenhancing 24 × 34 
× 27–mm suprasellar mass, isointense to gray matter on all 
sequences (Fig. 2), as well as compression and displace-
ment of the optic nerves and chiasm. Neuroophthalmolog-
ical evaluation was negative for papilledema or optic nerve 
atrophy. Endocrinological workup was negative. Like his 
brother, whole exome sequence analysis revealed a hetero-
zygous partial deletion of the SMO gene within chromo-
some 7q32.1 and a heterozygous c.2291_2292delAG vari-
ant of unknown significance within the SMO gene.

Given the size of the suprasellar mass, progressive da-
crystic seizures, and the compression of the optic nerves, 

FIG. 1. Case 1. Axial (A) and sagittal (B) noncontrasted T1-weighted 
MRI sequence, and axial (C) and sagittal (D) contrasted T1-weighted 
MRI sequence. The thick arrows in each panel demonstrate the 12 × 11 
× 16–mm nonenhancing suprasellar mass. In panel B, the thin arrow 
demonstrates the 4 × 8 × 5–mm nonenhancing pituitary cyst and the 
thick outlined arrow demonstrates the type I Chiari malformation coming 
into view.

FIG. 2. Case 2. Axial (A) and sagittal (B) noncontrasted T1-weighted 
MRI sequence, and axial (C) and sagittal (D) contrasted T1-weighted 
MRI sequence. The arrows in each panel indicate the exophytic, nonen-
hancing 24 × 34 × 27–mm suprasellar mass.
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an extended endoscopic endonasal transsphenoidal trans-
planum transtuberculum transsellar biopsy and possible 
debulking of the mass were recommended. Although the 
patient did not have papilledema or optic nerve pallor, there 
was concern regarding the inability to accurately perform 
visual field testing in a child this young and the potential 
for vision compromise should the mass grow larger. There-
fore, the goals of surgery were to confirm the diagnosis, de-
compress the optic nerves, and help guide subsequent care.

Operation

We began by harvesting a 4 × 5–cm autologous fascia 
lata graft. Then we proceeded with the endonasal portion 
of the procedure using adult-sized instruments and neu-
ronavigation. The inferior and middle turbinates were lat-
eralized, and a left-sided autologous pedicled, mucoperi-
chondrial, vascularized nasoseptal flap was harvested and 
placed in the nasopharynx as previously described.30 We 
next performed a retrograde posterior ethmoidectomy, bi-
lateral sphenoidotomy, and limited posterior septectomy. 
The intrasphenoidal septations, bony sella, and planum 
sphenoidale were subsequently drilled away. The dura was 
widely exposed, cauterized, and incised, giving view to 
the pituitary gland, stalk, and suprasellar tumor (Fig. 3). 
The tumor was dissected and debulked by working lateral 
to the pituitary infundibulum, taking care not to injure any 
neurovascular structures. Once maximal safe decompres-
sion and hemostasis were achieved, cranial base recon-
struction was performed using an inlay-onlay fascia lata 
“button” graft as previously described,25 with subsequent 
placement of the nasoseptal flap. Surgicel (Ethicon) and a 
thin layer of DuraSeal were applied to the borders of the 
flap and a piece of nasopore was placed to support the flap 
and promote its adherence to the cranial base.

Pathological Findings

The specimen consisted of disorganized hypothalamic 

tissue with several foci of vague nodularity compatible 
with a benign hypothalamic hamartoma (Fig. 4A). These 
nodular foci were composed of loosely packed, medium-
sized neurons with pericellular halo embedded in a finely 
vacuolated neuropil (Fig. 4B, thick arrows) and further 
highlighted on Neu-N stain (Fig. 4C). Scattered reactive fi-
brillary astrocytes were found in and around these nodules 
(Fig. 4B, thin arrows), further highlighted on glial fibril-
lary acidic protein (GFAP) stain (Fig. 4D). These foci were 
IDH-1 and p53 negative, and had very low Ki-67 labeling. 
Stains for neurofilament and synaptophysin revealed no 
abnormalities. While densely packed neuronal or neuro-
glial nodules (classically associated with hypothalamic 
hamartomas) were not found in this case, the histopatho-
logical changes found in this patient are similar to those 
reported by Coons et al. in which 32% of hypothalamic 
hamartomas had predominantly diffuse architecture.8

Postoperative Course

The patient developed transient diabetes insipidus (DI) 
on postoperative day 0 requiring pediatric endocrinology 
consultation and continuous infusion of intravenous des-
mopressin for less than 24 hours. He then was transitioned 
to oral 0.05 mg desmopressin every 12 hours for 24 hours 
and subsequently had spontaneous resolution of his DI. He 
was discharged home on postoperative day 4.

Discussion
To the best of our knowledge, this is the first report of 

FIG. 3. Case 2. Endoscopic endonasal operative view of the pituitary 
gland, stalk, and hypothalamic hamartoma after entry through the sphe-
noid sinus and sella turcica. Figure is available in color online only.

FIG. 4. Case 2. Photomicrographs of the hypothalamic hamartoma. 
Hematoxylin and eosin stain (A and B) demonstrates small foci of vague 
nodularity in the brain tissue at low power (A, circles), composed of 
medium-sized neurons with pericellular halo (B, thick arrows), further 
highlighted by nuclear stain for Neu-N (C). These cells are embedded in 
finely vacuolated neuropil with a few reactive astrocytes (B, thin arrows), 
further highlighted by GFAP staining (D). Magnifications ×2.5 (A, C, and 
D), ×20 (B, insets of C and D). Figure is available in color online only.
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germline SMO mutations causing a familial syndrome 
associated with hypothalamic hamartomas, polydactyly/
syndactyly, type I Chiari malformation, pituitary cyst, mi-
crocephaly, short stature, craniofacial abnormalities, and 
developmental delay. Both brothers have the same geno-
type, yet different phenotypes, indicating a syndrome with 
variable expressivity. However, both brothers have hypo-
thalamic hamartomas and polydactyly, both phenotypes 
potentially being sufficient for consideration of underlying 
SMO mutations in future patients.

The brothers’ mother was heterozygous for the partial 
SMO deletion and did not harbor the c.2291_2292delAG 
variant, while the father was heterozygous for the c.2291_ 
2292delAG variant and did not harbor the partial dele-
tion. The boys’ unaffected mother, the father’s pathol-
ogy, and their paternal family history suggest X-linked 
recessive inheritance of the maternal SMO partial dele-
tion and autosomal dominant inheritance of the paternal 
c.2291_2292delAG variant in the SMO gene, both muta-
tions needed to produce this clinical syndrome with vari-
able expressivity.

Review of the Hedgehog Pathway

The Hh pathway is an evolutionarily conserved path-
way that plays a critical role in embryogenesis2 with 
downstream effects on cell growth, patterning, and mor-
phogenesis.28 The three mammalian morphogenic ligands 
that bind to the transmembrane Patched (PTCH) receptor 
and initialize the pathway include desert hedgehog (Dhh), 
Indian hedgehog (Ihh), and sonic hedgehog (Shh). Dhh 
expression primarily occurs in gonads, specifically within 
Sertoli cells5 and granulosa cells.41 Ihh expression occurs 
in primitive endoderm,10 gastrointestinal tract,36 and dif-
ferentiating chondrocytes.39 Shh is the most broadly ex-
pressed within the mammalian Hh pathway.37 It produces 
the only Hh ligand expressed in the CNS and plays a role 
in establishing left-right body differentiation, CNS devel-
opment, somite patterning, eye development, and limb pat-
terning.14 Shh is able to have widespread developmental ef-
fects by acting as either a morphogen or a mitogen depend-
ing on the type of receiving cell, dose of ligand received, 
and timing of exposure.45 These proteins are translated by 

FIG. 5. Hedgehog signaling pathway. Binding of a hedgehog ligand such as Shh inhibits the Patched receptor and allows intra-
vesicular Smoothened to translocate to the cell membrane. There it is activated by GRK2, which ultimately leads to downstream 
disinhibition of GLIs, allowing them to enter the nucleus to affect gene expression. Adapted by permission from Springer Nature: 
Nature Publishing Group, Nature Reviews Cancer, G-protein-coupled receptors and cancer by Dorsam RT and Gutkind JS, 2007.9 
Akt = serine/threonine protein kinase; cAMP = cyclic adenosine monophosphate; GSKβ = glycogen synthetase kinase 3β; GTP = 
guanosine triphosphate; PI3K = phosphatidylinositol 3-kinase; PKA = protein kinase A. Figure is available in color online only.
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secreting cells and then act in an autocrine or paracrine 
fashion on receiving cells located up to 300 μm away.23

The pathway begins by stoichiometric binding of a 
hedgehog ligand to the PTCH receptor, a 12-transmem-
brane domain protein that normally inhibits intracellular, 
vesicular SMO translocation to the cell membrane in its 
resting state.35 Binding of an Hh ligand inhibits PTCH, 
releases SMO from its inhibition, and allows SMO to 
translocate to the cell surface (Fig. 5).9 SMO is a seven-
transmembrane, G protein–coupled receptor that, when 
activated by G protein–coupled receptor kinase 2 (GRK2), 
proceeds to remove constituently active inhibition of GLIs 
1–3, allowing them to enter the nucleus to promote tran-
scription of downstream target genes.7,22 Without an Hh 
ligand, SMO remains localized to endosomes in the cyto-
plasm, and GLI2 and GLI3 are bound by the Suppressor 
of Fused (SUFU) complex and phosphorylated by protein 
kinase A, leading to their cleavage.16 These cleaved pro-
teins subsequently enter the nucleus where they repress 
transcription of downstream target genes.34

Clinical Associations

Mutations within the Hh pathway lead to varied pa-
thologies depending on the protein affected. Several 
studies have reported Hh pathway activation in gliomas21 
and esophageal, gastric, biliary tract, pancreatic,4 small-
cell lung,40 and oral carcinomas.27 Genetic analyses have 
highlighted relationships between Shh mutations and their 
association with holoprosencephaly,33 medulloblastoma, 
breast carcinoma, and basal cell carcinoma.29 Mutations 
in PTCH have been associated with nevoid basal cell 
carcinoma (Gorlin syndrome),17 sporadic basal cell car-
cinoma, medulloblastoma,32 trichoepithelioma,38 breast 
cancer, meningiomas,43 esophageal carcinoma,26 rhab-
domyosarcoma,20 and bladder carcinoma.13 Historically, 
SMO mutations have been associated with basal cell carci-
noma,44 while GLI3 mutations have been associated with 
Greig cephalopolysyndactyly syndrome,42 Pallister-Hall 
syndrome,19 and postaxial polydactyly type A.31 In 2016, 
Hildebrand et al. studied somatic mutations within spon-
taneous hypothalamic hamartomas and found 14 patients 
(37%) had mutations in Hh genes, with only two patients 
having SMO mutations.15 The germline SMO mutations in 
our patients further substantiate these findings and further 
implicate dysfunction of the Hh pathway in the forma-
tion of hypothalamic hamartomas. The SMO partial de-
letion or variant may contribute to either a gain or loss 
of function: a potential gain of function by desensitizing 
SMO to PTCH inhibition and subsequently leading to a 
constitutively active pathway, or a potential loss of func-
tion by leading to partial inactivation of Shh signaling. 
Complete inactivation of the pathway is unlikely, given 
that Shh signaling is crucial for brain development, mak-
ing a nonfunctional pathway incompatible with life. A po-
tential mechanism for hamartoma growth and formation 
may parallel pathways studied in pancreatic fibroblasts, 
where SMO deletion activates an Akt serine/threonine 
protein kinase pathway, leading to increased transcription 
of transforming growth factor alpha and its subsequent 
activation of epidermal growth factor receptors and their 
associated downstream effects.24

This is the first report of a familial syndrome involv-
ing germline mutations in the SMO gene and the second 
familial syndrome associated with hypothalamic hamar-
tomas. Further work must be completed to better under-
stand this pathway and new clinical syndrome, including 
its mode of inheritance, prevalence, spectrum of clinical 
presentation, and natural progression, prior to develop-
ment of any potential therapies.
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